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%t&M%%&& (16) taL-Cil5£fflS*+KU— f36 

x. mils— fftvy&m. -^mm^z^tti. a 

o. 6 00nm&±fciM£$*l-C^&.Ifc£ ; 8t8fc-f& 

IrfS***^ (16) fcai/Cffl£S&*+fcl'— ff# 
£85WtU SKU— fjfcfcffiE****?* '(16) OJSjS 
&EK&3e;*tfTmit£iiSK&&«'J^fr ( 3 ) 5: 

Kb 7 •/ Tt WKU-lf 6 0 0 

[fS*Jl3] -fe^TV-h (2) t=«»3tffctt«S 20 

wmh*» t x v * h »d>tt*+36» feffi*o«/j>tt# 
itE-fe/pru-h (2)<i. •eorw— (10) 

— fc/MllA) k. IW*^i*»L*^K«»*Jffff* 

&HZ-fc;MllB) ^-7-?-<o±H5r^aLT0r«rail 

*«/N5r»WB (12) frtfLTSvHCiiaSfU 
^m-tl^TU-h ( 2 ) fc/MHA) KBrSSftfc 

«*»+C«U«ffla**^**yt3l6¥* (16) *»L 30 

fclOTSMigicSiifU I.O. 6 00nmfcLL 
fcaSSfifcl'— !T3fcMHItU SSBU—WKfcltE* 

(16) £j:9*#$tfT*wfc£<iS(;:*>sta 

'Nfc* ( 3 ) *3fc3Wfc h 7 -/ 7^-* U— f h 7 -v V 

F hy-v try^S ( 7 ) £«k 9 B*/N*tt 
(3) & hy-v 7 Ltzimz\ (2) 5rff 

(3) fe/KllA) *>^BiilEIS«S§ (12) £jl 

-j-CWKSSZ-t^ (llB)tc?£ft$tf6fttttf*i¥K 40 
(8) k&tox.tzZk&W&k-i-i'r't ?a-?=.V*.U 
-9. 

v\ -t/U7V-h (2) lc«»S*fc»Kafc«-IWfitt 

LT^i>t&/h&tt+*^fl^&'i^ft ( 3 ) 5r^^f 
9w?=-\Zzx.V-9Zh^X . 

Mie-fe/uTu-h (2) t±, *<oru-h#fls (10) 

£35Z-fc/MllB) A\ ^^r-eojiffiJrranL-CBrgfa^ 50 
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*SE'l*5rI8«*B (12) fe^LTS^tafflSit. 
SlS-t/UrU-h (2) b/KHA) KlrS^it*: 

j««ffi+t3Slij4raBSr*rt4***¥* (16) tau 

U 3au--f3fc*i?E*3te#¥3 (16) (ci*)^3K? 
^-T-tOfljSfiacftStK/jNSlf*: ( 3 ) 

•y r-fs v— f h 7 ••/ try^a ( 7 ) t , 
SKi/— f h7 7fy/fg (\7 ) lz£<owmft 
(3) Srh7-yTUc*t«T% -t^Tb-h ( 2 ) 

(3) tffiEJB— fc/MHA) (12) Sra 

o-CffieSZ-t/l^ (UB)fc»»3tf*8KMMi#H 
(8) ktmttzZkZimkTlU 
-9. 

lts*JS5) Me-t/t'TV-Mi, ri^-h** (i 
o) c, K'i^** { ^Stt?iaL^««?asrBfaf *»- 

•fe/KllA) t. Sl'J^*A { ??iaL^v^S?e[$rK=Si-4 
SgZl-b/KllB) *\ ^^-C-^±®$r^DLT«)r^|{BSt 

K'I'JSrBWft (12) £:0LT2vHC&a$*U OTE** 
;K11A, llB)<7)±fflSPg5*\ W-HMZX7 4 Yth 
M*(14A-14C)'CIBB!S*i4»*«3&0 c 4iettOV'f 

(000 1] 

jHEH+CBitttL. -t<0«jft(aait=*4«^*€r*!W> 
(c h 5 ••/ r-fl. l^-if h 7 ••/ 1 y /gSt i ixSrfilffl L 

(0002] 

Uk LX 7 TfTtiZkifilftotiX^ 
h (WA¥5- 6 1 3 6^&««S) . ZtM, ^fflt 
l/-f (Arl/-f :SI514nm) SritiSi: LT^ 

ilfc^tttL. f (YAGl/-f :»I10 

64nm) 5:^j®k LX&N&f* hyy7lt:k ZlZ 
UjttJ: S^IWia^BWJSfL^ofcfc 09 A s h k 

[0003] L*>L^*^. j^M-jeu-lfSrffl^fe*^ 
O-CBtA-J^ k 5 Klilfcfrffl tfc 05til5rig^ Z k x- 
«ra3B±aET6 8«T«Wt7 F LUk 



(3) 

3 

f uy?f- YAGU—f : 
$ftl 064 nm) Wh5-/r*tt. 
j£ft6 0 0nm) <DS7y77]J: 0 2 5%'|n$< . fig 
l/xm*?%&J±. YAGU— !ftf> h 5 •/ Tflli#fe3tetf> 

7ttt* { «TLT Li d . mta. i oo^mn-yx 

*fi3t (*T8Bt:fcS6 0 0nm) «9jgiS¥li 
90Xfcl±&£ft<. YAGU— If ttftl 06 20 

4 n m ) iO«li 3 0 KBIT* TT*** fc*> - PI t 

lei •) . JKuSffilf C*J»t* tf-A**? < tr 

<0. 'bZ^tiiftnb? •■/Xfitff&TLX Lto . fcrtf 

1 0 0 0 4 ] C CO i 0 KffiWBisW&£K.ltLX o 
XMtfh 4 iz t a*fif*WIS* h 5 x ric 

»lijff^»f££ffo£^K8£K^$;ft4a { . -TO 
*»<0DNA^a«5**J:dK:LTv^. L*»U « 

*»&$*r4.r t <ift.£*e»te**4£ t* { 
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e^Sf^Sfut^Hffi^tt 1 0 0%Ti#4 I t ** 

[00051vI.it-. HHW^dHllJrKOaj-rfcftt* 
¥h5-s'7V>iSW«:fl!v>4%a\ 
££W0iii-fZtmmz%Z>1)K I^UcAshki 
nOffi. tgff^cOW^ <»*«¥£Ifc«ft/l 9 9 1* 
1 OH) (CioTt), ^BISKArU— »>*#£0.64mW 

OfcStU YAGU-ir-«rflaW)»K<01.28inW//xin 

^iltfcO, ifc£5 1 4 nraiiSl 064 nmfcT3fc 

it LT a«W:>t LT ££T'*> 4 k ItT V * 

^ h 5 -y r«> ■raattiSJia fix v tfs . 

[0006] 

4vIi:A { -C-#^(f. ±^L^«t9tc. ftft&mi&VtftZ 
m-f^m^ZitLX. »3K^)WjftA«*&. f;t. 

4»«>3ia«flW)nff«:WRLfc. 4-f. F. Bryan 
t£>5Jf3t ( Archives of biochemistry and biophysics 
Vol.135 / 1969 : Absolute optical cross sections o 
f cellsand chloropla-sts) izXtlif » -X 

imnytnmuz x h toTii=or < ^osiaic x ilo 
x-h&zttfmrztixm. ttz. *&Rze>imvt 
^zm^tzftmimzm^x x "5<£v^**eH2 o o 

-1 100nm£OjfcT'(SI«c7)5l®Srffo^kC^, 04 

iixj: o , ±wm*?4 -X hW.m&3 0 0 n miaTO 

1 0 0 n m4T-<OjS^®«T3tffilK{i#«lC/h$ < . L 

ilfc. Lfca^oT. A s h k i n ^^S^W^T'^ 
*«1 A r 1/— !f (*J1£3tt :ftS514n 

IR(O^U3 0 0-1 1 0 0nmtf)flWrtTft»)4ftail» 

*i^v h h f)K 3SH(c(i^ja<s* { s^ $ nx v ^4 

it iO*«««4ii«03BRCK:J:6t^)'CJi 

^*«WllTffl^fc*''« , 7-affleD.64mW/ju m* ( = 6 
477kW/m2 ) ii. itS^OJftiTKJt**!*^* 
<06 47J^t,*4. COi^^rW 

0 J ^rv^A<27^qRiRT*4. C<7)2^q6ltZti. 3t 
5$«£02*lcit8aiLTiec4iaiRT-*)or. ifi^tcOTt^ 
S-Cti/e^^^V^. -e-LT, D. D i nke 1 £>(i, 4 



(4) 

5 

-*hffltC580 nrnfftftZmtLtzZb*. 23fc I Hft 
WtSM^tXfltn^LX^l ( Analytica chinica a 
eta 236/1992. Remote two-photon excited fluorescen 
ce sensing in a simulated ferme-ntation broth). C 

&cr>—mX't> SHJ7h7ry* ! 580nmO2 lltfWfc 
^SrflRIRL. *»tA»k5 80 n m<?>¥ifcg<0 2 9 0 nm 

ft. Ashkin ^igf^O^KiiV* 

T. Arl/- f (■Ffi3fc:tt£5 14nm) 10 

aw* $ futou: . z<r>fc&i?*iwmmz x s i o** 

frt>X'l±Z< . 2*FflMJW*(C J: "3 5 1 4 n m<0¥& 
£<02 5 7 nm0366*BWS<lfcl:Ht*E!Bt:*->fc*» 
A>fc#ift^t*<T-^ft. 
[0 0 07] C<O^fcJ;0. 

-x hffi&fc'<0£ft&^ Srl^— ♦FftT'Tfr^h 7 yT-fft 

T^ft 1 50nmlilt. 300nm*f^S( 114 : 
HII#B3) 25t^iRlRtJ:0iaiR$tlft3OOnm 
JS±. 6 0 0 nm*.ffi<D&% (114 : 20 
If *fe SV *fc*£fctt . 41M«*Wfer ft £ V 1 3 tSttCC 

tfcutf. SF'JAi/. ffrfcg. if*) J: 3 

(cfeStSr^-fftkote. *oft«fc:J:01»je«ft^)3t* 

[00 08] *£T*»Wi. £*ifctf>**tcS*2*. 

ft»{S£ig,r-f .1 fc$r< Sinter h 7 -y 7-C* ft J: 0 

ft <! k ZW&<m®k LT^ft . 
[00 09] 

[»H£IHfc*-ft COSH fcft 

xmm%*tz\s—fmmiL. SKi/~«r#fcf»E 
mjeje^oiiiuSffiBKjfc* $ *x w> jsms&mc * ft 40 

*l. lo. 6 00ninJSLht:»eS*lTV»«ik*»a 
t-Tft. 

[00 10] *»WCJ:*l», M<&#ZX&h7-yT 
tiftftCHWt ft l'— f 6 0 0 n m Jilt 

T&ftiK>. £ftfii?£fliJ£-fftgGfH> 
^K(C?R)K$flft 1 50-3 OOnmOWC'AO, 
23t-?©lRlCj:0©ltZ$^ft3 0 0-6 0 0 nm 
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4Mf«¥h77W^C, £ftffifli#£-fft 
SBWft.1 ft*>T\ atAofek **5€«tS:0 

ttjfcfclfc L T *3 * 5- h y ••/ T L^f < ft . * L 
-5-Offi(7)7t^S^I±, ffi3*hfc«J*ftfc*>fc:HRSBit 

£ft. 

[00 11] 4fc. *%Mjflh W i / _f_|«7 7 t 
v^gSJi, ffie^'J^frt LTfeS^-fft^ftSB 1 
&HI"fttt£C MEU-ir3IW)»fij6<. 6 0 0nm& 

Jg$fiTV^ftikt<*«i:-f4. ;cr>^(C«tix(f, fit 
'J^fc$r3fe¥ h 5 -y 7-fft^ft(cai««-« U—tfl&tik 
60 0nmtU:"C*4*»6. 4ft© 

^fctoWftasK^aKfcfliiRSJift 1 5 o~3 0 0 

nmcntimftX-fi*) . 2*^«IR{CJ:0«C**1 
ft 3 0 0-600 nm^WI-n* 1 ). tK'h 
&#<7)&mz± OfiiRL^^iftfttcaiJlSitTOft 

7*tft«*K, £fWS(g#£?ftCfc#&v\ 
[00 12] 

C5HBW*«[«)»B] 1ST. *«WOSItt»!B«r. BfiB 
lz&4\,YX&t*m£SWiti. Hlll+WBKflSftU- 

f-h77 ?D7-Cal/-? 
S:^-f7n-^-h, 02{i-efllcffiffl-fft-fe;UTU— 
h.83(a)-(e) tt*<^»f^)I«r*ra«0T' 
Aft. 

[00 1 3 3 04>Ui. -t^ru-h2K«l*S*fc« 

s?s^c7^sst??jaL■cv^fts^±ft (tt/j^«) *»ta^ 

-<0tS4tt3S:K l )aj-fv-f ?D7ztal/-m-5 
T . mflS-t ^Tl^ - h 2 «tSUUatt4l4 «xf-y5i 

8MS4ct)«ST-C-. *««C=4Mft»l!L^«4«l+*»fe 

ftSt^Eft 3 fc h 5 »7t* U-lf h 5 -/ fy 7 
t . 8^ft 3 * h 5 -/ r tfc«JBT. -feyUTU- h 2 fr 

ft 3 1 ffiP)tt£Hft>6#K3 -frft «tM:»tt¥R 8 i 
iT^ft. 

[00 14 3 «EK«ES:«»tft-tr;uri^-h2{i, ffli 
SSS*IS4<O^/N*-xr7^t^ft0.17mm<O7 , U-h*f*: 



7 

nwL&$r%? asBz-t/n i b*\ znimtmnix 

[0015] UrtfoT. 8I3H1 2tt. *<0&ffi#f3l 
iM»4«;&/<-jy7Xk$*3teWffi-C»£S*ifi 

S-f£A*-y7r-feyH 1 C#-£4)±ffi£g!JOLTJ6j£$ 
fi. iiiKiD. 2#. S— fc/H UbW 

7 r-fe/H 1 C k £SIS-f 63S-^r8$?S l 2 a k . A 
»/7rt;H lCkSBZ-fc/H 1 Bk£31il-f SSB3D 
389ft 1 2bfcj&>fc»J«Sfi4. 
[00 16] -E-LT. M&&-tyH 1A-1 lCJi, 7" 
h 1 0 o$S(=»j£ S/ut&'Ri&itAP k 3r£ 
7<fi<0[HIg?l 3A-1 3Crt(C^Sit, #-b/H 1A 
~1 1 C<r)±MfflUUfi\ C3SS1 3A~1 3C<0jgffi£ 
*¥^"(Slt3X7-Y K8tiSSf*14A-«-14Cfc:J:oT 
HJB!5fUJ:3fc:*SiiTn*. K1S513 
A— 1 3Bfc«.g(M4A~14Ctf5V\Cigf-6ffi 

^ft/t^*. £flfcj:>5. Sttl 4 A-l 4C£*5>f 
FS-frTi, K*»12rt£8^£fl^rfc#-fen<*ia 

[0 0 17] 7cM®^^-«-rs-b^ru-b2tc 

fcWC. &G3SB1 3A-1 3C(iiIS9mmxaE$2m 
mgjg, &-t/H 1A-1 1 C(iilg2minX^§1.8 

mmgjg. -t/n ia, 1 1 cfg&t>'-t;n 1C, 1 1 

BfSJ£31iI-f6I8&8S 1 2 a&tf 1 2 b<0il$<i**#; 
9mmgg. IS&ftl 2a. 1 2 b OBrfi(i£tit«- 0.1 

[0018] A&SHKtt4tt. ^X-v^Slga 1 5 fc 

£ 0 X - Y^rStfc^iS nmtcEf^ixfcx-f- y 5 
^ri^-h2rt5-^-r*ccD*>7i 7*»'-ty h 

x\mt\mm loofg, NA=i.3<M)Ki£ttHju>xft< 

[00 19] -J-LT, «f h77ty/#g7 

3ttJ:9»— t/H lArtoa*ft3fch?v7*ft.fc 

3tB+fcU. U— f3E09a»tta«rX*i4UU^Y*|6i(c 
^!6$-ti-*^^ J r^>/57-20x. 2 0y&3PT& 
^4f Y -y^5lg2 im/?4 9u4 7?i7-2 2A { 
rtSSfl. Sa^-f^n-f v ^57-22TE«Sfut 
R»SftAU--«bWflfcl'>'Xl 6 5ri&SU SB— t 
;H 1 ArtldfcjfcS*iSJ:3laS$*iTH4. ±fc. fit 

?t:yt¥hy"/T?&t%£. fflEU— IfjaHl 9*»f>Jii 
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o. 6 o o n mtLhtassnr *i o . *«-c-(i«g6 
9 o n mnsmtois— ? &mm ix . 

[ 0 0 2 0 ] ifc. Sri£«fWHI*R8T'tt. Mei^- 
-tf h y -v t y ^ S 7 -C»ieo«4* 3 £ h 7 ••/ T L£ 

/US 2 IKiOU- 
jfcaFf4£kCJ:'3. S3«4*3«:ffl!E»— t;n 1 
AfrfcUWRl 2£ar>TS&~-fc/H 1 BCfffflStfT 
SB— t/H lArt<offiOSttft*»<,^«§*6J:3fc:* 
10 ZtiX^h. 3 0l±. v-f ;D7-taU-n 

. «r§i«-f**j»8src&^T, -toXaiaeu;. ccd 

;7*7l7. 3— *-K3 1, v>^3 2*«tta5ii. 
9?)|gfi|£S3 3. U— fXJr+-y^S2 

-fA34. XT-i^thmwusmmztix^?,. 

[002 1 ] Vlktf*WmW<?>~MT$>'>X . 
**>f#BC-3<rVCH3 ( a ) ~ ( f ) tffoTBlWI- 
S. 4-f. -fe/U7-U-h2?rX7 i -> ! 5tc-b-/ hL» 0 
3(a) t^-r«t3tc. t^1*W«qflEL*v»iJWM:jBEIt 
20 JRZ-fe^l 1 BA^Sil^tHS 1 3 BK&gji 

4B36*tt«KC«fflSfutkC6-CSSaWic 
14B^7-f HSliX»Z-fe/H lBJOJbffi^ngg?: 
SC. 4*J. SSZ-fciH lBrt^«M?Sfi^ 

[0 02 2] JJC^-C. 03 (b) t=^J:7fc, 8te» 

«S*U:Da» 1 3 C Mft 1 4 c *»««ac 

30 77t**1 lCOJiffirang?$:liC. Cr*J. C^k 
J.A 7 7Tt;HlC i*i^««?g(±%^m^tc«J: 0 » 
H»l 2artS:c5ixriB— t/H 1 Arttaaj-f*. 
[0 0 23] *LT. 03 (c) KijttJ:3C. £&<0 

SilfcCW 1 3 A(C&?&*. Sfl: 1 4 AAfl£H»(ca 
»Snfefci*-CSBO!*14A^5'f HSHfTSB- 
■fe/H lAC0±M^ng?5:^<'. iOfcS. M*14A 

kojisi 3 Btos»ffi*a*^wes*ir^4wc. s 

#1 4A£X7-T K-fS^ktCtoT, SB— b;H 1 A 
40 rt03JK1ftff«<BI*K 12a. 1 2 b Jlot . /<7 7 r 
-fe/H lC^SBZ-fe/H 1 BrtCcSaj-fSCLkJi^v*. 

4fc. #-t/n ia-i ic<o±Eranaj±^-csflci 

4A-l4CtcJ:0K«$fiTis0. L*»fc#8*14 

A~l4Clitt»KC«»SivCo4tf>-c % 

* Lfe k L T t. . S«s 1 4 A~ 1 4 C ■CS* f it^#-fe/l' 

1 1 a~i i cco^iBScoiHS? i 3a-i 3crt(cafg5 

iirv^jdKauWSBS-fiikk^O. S-fcyH 1A- 
1 lCrttli^-o»«^2WfCr^. Ltztf->X. -fe/H 
1A-11 Crtoa«»ttffjhS<X^«BKItftSfL. 

50 1 2 rtfcsauWBiesfis - k t^v». 
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[00243 zc?>imx\ fc/n lArtifar 

U -f JIB 1 4 T«« L$r# . ffieofiteto 3 left L . 
x*\-v7UiS.2 2CJ: 0 U— f jt^saiffiilf . 12 
3(d) iZ^-fX o £*nWSXia&.9l 3 tfh y •■/ 7'S 
fl*. ZCOtZ. V— !ftK4>*fiJ±6 9 0ninfc»eS 

-f&fil 5 0~6 0 0nmA»f>^a-CV^<T)T\ Ktfe 

3 £»<g-f4 £ k & < h- v -v TZ'n o Z k 

h. 

[00 2 5] Z<7>W&X\ M3 (e) fcjjcfj:3fc. X 10 

C J: 0 . f *T h 7 y 7 Lfctt£*)«£«i 3 S:»- 
■fe/H 1 Afrb&imi 2ata9^77Tt»H l'C 
Sfcfc. f&¥S§l 2b£jI95?::-fc/H IB 
^t-»Krr&. .r«Dk£, SB— fc/H l AfciRZ-t/n 
1 BfcjgjI-rsiS^SH 2**. ^#a<7)S*#i&$:&it 
L1*4e*fcSW*:»*3*tTv**0>T. »— fc/H 1 
ArtflJffiOfitefttfMSKl 2 IrikVveJKI-fe/H 1 B 

B fctt U— f JtC h y "/ T Lfc#HfeO«£fll 3 20 

[0026] Sfc, *WCtt. SPm 1 2eofc+£/<-/ 
7rt;H lC#ffM§*vC^£<7)T\ 7J-. M* 1 

-t;H lClcigLfckLTk. S^N' -/7r-fe/H 1C 
*^18$S&1 2 b £jio-Ci£~-fc/H 1 BKitt&Clk 
JlflNSfc:«t<. U^ot. JRZ-fcyn lBrtfctt. 
l^-if 3C"C h7v7 Ufcft£0«4Mij 3 CDX-tflF£ L , 

h 2 fcffllrvcmz-fc;u 1 l Btf>«£ft£*S#filtf . 2 30 

a» & i o o %<7)iR^T'tt^«-r z zttfzz. 

[0027] 2rfc, A' 7 7rt;H ICtt. 2 

t. *WCIi. -t^TU-Ft:*— fcvH lAtSBZ-fe 
;H 1 Bt-orojftftbfcH^to^TKWLfc**. 40 
♦JWHiiftKIRfcr. SfSZ-fe/H 1 BSrSajg&L 
■C. 1 2«r^-tTSB— tyU lAk&JIS 

■fe/H 1 BtfiKfeflK0»aLT*v4IE*»*aAL'C. 
^A±ffiBan»S:9fi:l 4 B-CHtfctt. ftttt. & 
±*W$HB»»LTV*S«3t»£S--fc*l 1 Atc&A 
S*T. -tO±BflBJP«*a*14A-CHJtfttfJ:v\ 
[00 28] ZWXolz. *W(cJ:*Uf. f&'h&fr3£ 

0nmT*6i&»&. £tttt*fcHWW"*S 50 
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afl^aKCWKSfl* 1 5 0-3 0 0 nmcoSeffl^T' 
fcO. 23t : WMXfc:J:9«iR$ft. 6300-60 
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ABSTRACT: 

PROBLEM TO BE SOLVED: To perform an optical trapping without causing a 
biological damage by selecting the wavelength of a later beam which is 
converged to the focal position of a converging optical system to optically 
trap a minute subject situated in the converged position so as to be contained 
in a visual light area and has a specified wavelength or more. 

SOLUTION: A micromanipulator 1 has a laser trapping means 7 for emitting a 
laser beam to a microorganism 3 selected from microorganisms dispersed and 
floated in a medium solution under the field of view of an inverted microscope 
4 to trap the microorganism 3 situated in the emitted position; and a subject 
separating means for moving a cell plate 2 or scanning a laser beam in the 
state where the microorganism 3 is trapped to separate the microorganism 3 from 
other microorganisms. The laser trapping means 7 traps the microorganism 3 
within a first cell 1 1A by the laser beam transmitted by the objective lens 16 
of the inverted microscope 4. The wavelength of the laser beam emitted from a 
laser beam source 19 is selected so as to be contained in a visual light area 
and have a wavelength of 600nm or more. 
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